Dear Editors, Transcription factors (TF) play important roles in plant growth and development, which determine crop productivity, quality, and stress tolerance. However, the basic mechanism governing transcription regulation by TF remains largely unclear in plants. It is well known that TF proteins contain at least two functional domains, the DNA-binding domain and the transcription regulatory domain. The VP16 transcription activation domain of human Herpes simplex virus and the EAR transcription suppression domain of many plant TF proteins are two of the best-known transcription regulatory domains [1,2]. It has been reported that both VP16 and EAR domains exert their respective transcription activation/repression functions in heterologous protein and/or cellular environment [24], supporting a hypothesis that the transcription regulatory domains function independent of other functional domains of TF proteins. However, this hypothesis has not been examined systematically. We reasoned that a phenotypic analysis of transgenic expression of all or most TF genes from a plant species in the form of fusion proteins, which are composed of the coding sequences of TFs fused to the VP16 or EAR domain, would allow a systematic test of this hypothesis, and we reported here the overall result of such an experiment.
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We cloned cDNAs for 1,685 out of the 3,148 predicted transcription factor genes from rice (Oryza sativa subsp. Japonica) ( Figure 1A , Table S1 in Supporting Information), and prepared 2,980 HTF Ti plasmid constructs that express the EAR4 (tetrameric repeats of EAR)-TF fusion proteins or the VP64 (tetrameric repeats of VP16)-TF fusion proteins under the control of the maize ubiquitin promoter [5] (Figure 1B , Table S2 in Supporting Information). We obtained 57,751 independent transgenic lines in the Japonica rice accession Kitaake that express a total of 2,470 HTFs constructs. On average, 23 independent transgenic lines were generated per construct ( Figure 1C , Table S3 in Supporting Information). Approximately 13% (7,719/57,751 events) of transgenic lines showed phenotypic alterations in comparison to the wild-type parents, including changes in morphology, heading date, or grain yield ( Figure S1 in Supporting Information). Expression of 957 HTF fusion proteins, including 343 EAR4 HTF and 614 VP64 HTF proteins, caused the phenotypic alteration in at least three independent transgenic lines, and they were investigated in more details ( Figure 1D ). 132 pairs of these 957 HTFs exhibited phenotypic alterations in both the EAR4 and VP64 configurations, of which 86, 30 and 16 pairs of EAR4 and VP64 HTFs resulted in similar, different, or opposite phenotypes, respectively ( Figure 1D , Pie diagram). It is surprising that only 12% (16/132) of EAR4-and VP64-fusion proteins caused opposite phenotypes, suggesting that the activity of a transcription regulatory domain is more dependent on other functional domains or the structural context than what the previous reports may have suggested. Exactly how a transcription regulatory domain is dependent on other functional domains or the structural context of the HTF proteins remains unclear, but the speculative interpretations would include distinct structural impacts of the VP64 or EAR4 modules, different functional effects of fusion protein configuration to the activity of individual module, distinct modes of action of the two modules, and so on. For example, VP16 is known to interact with not only specific host transcription factors, such as Oct-1 and HCF-1[6], but also components of general transcription machinery, such as TBP, TFIIB, and TFIIH [7, 8] , whereas EAR is only known to interact with specific transcription regulators, such as TPL, to recruit histone deacetylases [9] . It is conceivable that VP64-fusion proteins are more likely to interact with the general transcription machinery to activate transcription in a heterologous protein and cellular environment, whereas the EAR4-fusion proteins may be less likely to encounter and interact with the specific transcription regulators to suppress transcription in the heterologous protein environment.
On the other hand, those 16 HTFs that conferred opposite phenotypes in the VP64 or EAR4 configuration provide a relatively simpler explanation for the mode of action of the respective rice TF genes (Table S4 in Supporting Information). For example, a MYB-like transcription factor (encoded by LOC_Os06g45890), referred to as TF865 in this study, showed opposite growth phenotype in the EAR4 or VP64 configuration. Transgenic lines expressing the VP64-fusion proteins (CV865) exhibited dwarf phenotype, whereas those expressing the EAR4-fusion proteins (CE865) grew significantly taller than the wild-type control ( Figure 1E and 1H) . Overexpression of both CV865 and CE865 transgenes were confirmed by the quantitative reverse transcription PCR (qRT-PCR) or the immunoblot analyses ( Figure 1F and 1G) . In comparison to that of the wild-type control, the grain yield per plant of transgenic lines expressing the EAR4-fusion protein (CE865) or the VP64-fusion protein (CV865) increased (50%100%) or decreased (10%20%), respectively ( Figure 1I ). These results are consistent with the hypothesis that this MYB-like TF gene may regulate rice growth and development or metabolism to affect grain yield. Further study of other HTF that caused various phenotypic variations will likely reveal the functional roles and modes of action for other rice TF genes. Transcription factors regulate almost all aspects of biological processes by dynamically modulating target gene transcription. A large percentage of genes, ranged from 1%6% in different Eukaryotic species, encode TFs [10] . Only a relatively small fraction of eukaryotic TFs' DNA sequence preferences are experimentally determined, but their biological functions are much less determined. The functional redundancy of many plant TF genes imposes a major technical difficulty in the study of physiological roles of many TF genes. The HTF transgenic resource reported here provides a valuable tool complement to the loss-of-function resources reported previously for the functional study of rice genes. China (31422041, 31371649, 31301298 and 31170172 Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and source are credited. Figure S1 The number of HTFs in EAR4 or VP64 configuration showing indicated phenotypic alterations.
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